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challenges (Ford & Williams, 2011) . Overcoming these challenges may be why a significant 1 number of Q4 players are represented in elite sports programmes. This concept can be found 2 in the 'Talent Needs Trauma' framework (Collins & MacNamara, 2012) which argues that 3 the talent pathway should not be a comfortable place to be, rather, challenges are common in 4 athletes who have developed psychological resilience and toughness, and reached the top. those of a greater physical stature, or becoming de-selected from a sports programme.
8
Providing these challenges are overcome with sufficient support, they can enhance the 9 development of psychological resilience and toughness, preparing players for further 10 challenges at the highest level (MacNamara, et al., 2010) .
11
To the best of our knowledge, the only research which has examined RAEs in super-12 elite sportsmen (acclaimed for competing at the highest level of competition consistently) 13 found evidence for differential RAEs across ice hockey positions, with a Q1 RAE identified 14 for male goalies, but not the skater positions (Grondin & Trudeau, 1991) . Addona and Yates
15
(2010) later identified a strong RAE for Q1 Canadian players who had participated in the 16 NHL from 1951 onwards, which remained significant regardless of whether positions were 17 treated as a single homogenous group or separated into forwards, defensemen and goalies.
18
However, by increasing the stringency of world's best criteria (i.e., only including players 19 that had achieved hall of fame status), the RAE had dissipated.
20
The examination of RAEs in super-elite sportsmen appears a fruitful avenue for 21 researchers wishing to better understand the presence and prevalence of RAE at the pinnacle 22 of sport in the modern era. Limitations of previous RAE research include the lack of 23 consideration of inter and intra-sport differences, given how it is conceivable that positional 24 demands likely impact RAE prevalence (Van Rossum, 2006) . Furthermore, the criteria used 6 This article was accepted in its current form on the 19.06.2017 for publication in Journal of Sports Sciences.
to define the characteristics that constitute levels of expertise have been inconsistent across 1 studies, which can lead to misinterpretations, limiting the identification of important gaps in 2 the field (Coutinho, Fonseca & Mesquita, 2016) .
3
The hypotheses of the current research were two-fold: firstly, to test whether RAEs 4 highlighted thus far extend beyond youth sport and elite sport into the world's 'super elite' 5 performers, whilst controlling for a significant limitation of previous research by considering 6 intra sport differences through assessing RAE prevalence across the different positions.
7
Secondly, to determine whether comparing RAE across different sports at the super-elite 8 level will allow exploration of inter-sport differences. That is, consideration of the unique 9 physical, technical and cognitive demands attached to different sports may assist in 10 identifying 'why' possible RAEs exist in super-elite performers. Further, we can begin to 11 make inroads in testing the hypotheses that Q1 players' early domination, continues to the were treated as batsmen, spin bowlers, pace bowlers, bowlers combined and all disciplines 1 1 combined. Subsets of these participants were then identified using 11 criteria of increasing 2 stringency developed from an analysis of the datasets. These criteria were developed with 3 support from ECB national coaches, in recognition of the inconsistent criteria previously used 4 to define level of expertise (for a review see Coutinho et al., 2016) and resulted in n 5 decreasing from 262 (least stringent) to 110 (most stringent) (see Table 1 ). The present 6 criteria served as a means of creating distinctions between levels of super-elite performance, 7 in order to demonstrate the robustness of any potential effects found.
8
Procedure. The study received institutional ethics approval. The first task was to 9 establish suitable DOB cut-off criteria for each country. This was determined by the 10 competitive calendar for each country and was obtained directly from the international cricket 11 boards. Participant details were cross tabulated according to player's DOB quarters (where 12 Q1= the oldest players and Q4 = youngest players) (see Supplementary Information).
13
Distribution frequencies were categorised according to the cricket disciplines: batsmen, spin 14 bowlers, pace bowlers, bowlers combined and all disciplines combined, in alignment with 11 15 variations of super-elite status criteria of increasing stringency (see Table 1 ).
16

Results
17
Omnibus Chi-Square Analyses
18
Given that existing definitions and measurement of super-elite status are somewhat and Q4 overrepresentations were analysed for each discipline across the 11 different criteria.
1
The magnitude of RAEs was also established by computing the effect size (Cohen's d). Batsmen. Examination of the distribution frequencies for batsmen revealed that Q1 5 was significantly overrepresented in 9 out of the 11 criteria (X 2 (1, n = 11) = 4.45, p = .03, d = 6 0.41). Further, Q4 was not overrepresented in any of the 11 criteria, and was in fact 7 significantly underrepresented (X 2 (1, n = 11) = 11.00, p < .01, d = 1.00). The number of 8 batsmen in each criterion ranged from 133 (least stringent) to 38 (most stringent).
9
Spin Bowlers. Examination of the distribution frequencies for spin bowlers revealed 10 that Q1 was significantly overrepresented in 10 out of the 11 criteria (X 2 (1, n = 11) = 7.36, p 11 < .01, d = 0.67), whereas Q4 was significantly underrepresented in all 11 criteria (X 2 (1, n = 12 11) = 11.00, p < .01, d = 1.00). The number of spin bowlers in each criterion ranged from 40
13
(least stringent) to 13 (most stringent).
14 Pace Bowlers. Examination of the distribution frequencies for pace bowlers revealed 15 that Q1 was overrepresented in 7 out of the 11 of the criteria; however, this was not 16 significant (X 2 (1, n = 11) = 0.82, p = .37, d = 0.07). Q4 was not significantly overrepresented 17 nor underrepresented across the criteria (X 2 (1, n = 11) = 0.82, p = .37, d = 0.07).
18
Bowlers combined. Examination of the distribution frequencies for bowlers 19 combined revealed that Q1 was significantly overrepresented in all 11 criteria (X 2 (1, n = 11)
20
= 11.00, p < .01, d = 1.00), whereas Q4 was significantly underrepresented in all 11 criteria (1, n = 11) = 11.00, p < .01, d = 1.00), whereas Q4 was significantly underrepresented in all 1 11 criteria (X 2 (1, n = 11) = 11.00, p < .01, d = 1.00). The number of cricketers in each 2 criterion ranged from 262 (least stringent) to 92 (most stringent). 
13
A direct comparisons of RAE prevalence observed in cricket's super-elite with a sport 14 where physicality is fundamental throughout the player pathway will add greater certainty to 15 explanations provided for these findings, by considering inter and intra sport differences.
16
Study 2 will draw comparisons to study 1 by assessing RAE prevalence in super-elite rugby Information for list of countries sampled). Players from these teams were then selected on the 6 basis that they had accumulated a minimum of a single cap between 1994 and 2014. A 7 screening process then took place to determine criteria of incremental stringency for super-8 elite using player frequency statistics. Subsets of participants were identified for each 9 position using criteria of increasing stringency developed from an analysis of the datasets and 10 resulted in n decreasing from 690 (least stringent) to 87 (most stringent) (see Table 2 ). Rugby 11 Union positions were categorised as backs, forwards and all positions combined.
12
Procedure. Given that there are no official rugby union player rankings, the first of teams, over and above that of the average success of the top 10. This resulted in the 1 formulation of criteria consisting of 14 degrees of super-elite (1 = least stringent, 14 = most 2 stringent) (see Table 2 ), which was then applied to the birth quarters of the competitive 3 calendar for the 10 countries to subsequently assess the prevalence of RAE in the sample. We identified a range of criteria that define super-elite status, and conducted omnibus (1, n = 14) = 7.14, p <.01, d = 0.51). Q4 was overrepresented in 8 out of the 14 criteria, intra-sport differences in RAEs. They also extend the findings of study 1 by assessing RAE 10 inter-sport differences as a means of providing potential explanations for the findings. In this 11 regard, the Q1 RAE observed for backs in rugby union's super-elite provides partial support 12 to the Q1 RAE shown across all of the individual cricket disciplines in study 1.
13
The investigation of individual positions/disciplines in the current studies has allowed 14 the research to assess RAE prevalence through examining inter-sport differences within 15 cricket and rugby in isolation. The general discussion will examine how the inter-sport 16 differences (and overlap) initially highlighted may be explained by the intra-sport differences processes.
21
General Discussion
22
The present studies sought to examine the presence and prevalence of RAEs in the 23 world's best cricketers and rugby union players over a 20 year period. Extending previous 24 RAE research, a set of stringent criteria for defining super-elite was adopted together with categorisation of key positions to explore the previously neglected potential of intra-sport 1 differences in RAE. Findings revealed a Q1 RAE for batsmen, spin bowlers, bowlers 2 combined and when all disciplines were combined, but no RAE was found for pace bowlers. that the best performing Q1 players who have been ever-present in the system, progress to 1 become super-elite players, reflective of the survival of the fittest concept.
2
It appears that the bigger disadvantage for forwards is being advantaged too early. The success of these Q4 players is attributed to the 'rocky road' development trajectory, subsequently reducing the disparity in birth quarter conversions from junior to elite level.
7
The present study offers explanations for differential RAEs observed in super-elite sportsmen 8 based on extant literature, and offers further insight through exploring the fundamental 9 differences that exist across sports, and their positions/disciplines. Future research would 10 benefit from a sport-specific, systematic longitudinal study which measures the reported main challenges and learning contexts. However, RAE is a contributing factor in the efficient 1 turnover of players who do excel, whereby those who do succeed have benefited from the 2 disparity in physical and cognitive maturity within their age cohort. In the case of the Q4 3 super-elite forwards, they are exceptional, and in the absence of initial RAE bias, they may 4 not have been exceptional. Consequently, we suggest that application of bio-banding should 5 be limited to a confirmatory process, and applied concurrently alongside existing talent 6 development processes, but should not substitute chronological age grouping at present.
Conclusion
8
In summary, it appears the greater the emphasis placed on physical capability in a 9 given sport, the less likely the Q1 RAE will extend from junior to senior level, due to the 10 ongoing potential of Q4's. This is demonstrated by the Q4 finding observed for super-elite 11 rugby union forwards, indicative of the evolution of the fittest concept, where the overcoming 12 of significant challenges associated with the disparity in physical size early on, due to Q1 13 bias, likely assists in developing resilience and a mindset for achievement at the highest level.
14 Further, we conclude that the less weighting placed on physical characteristics, the more 15 likely the Q1 RAE is to persist. This is illustrated by the widespread Q1 RAE observed for 
